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Microarray analyses were performed to compare the gene expression profiles of 
wild-type and mutant strains of Tetrahymena thermophila. These studies suggest that, in 
Tetrahymena, ubiquitylation of histone H2B is not required for H3K4 methylation. Even 
though the E2 ubiquitin-conjugating enzyme Ubc2 and the E3 ubiquitin ligase Bre1 are 
required for H2B ubiquitylation, these two enzymes affect the expression of a much 
broader spectrum of genes than H2B ubiquitylation, suggesting that Ubc2 and Bre1 are 
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In the nuclei of eukaryotic cells, DNA is highly compacted into a nucleoprotein 
complex - chromatin. The major protein components of chromatin are the histones. The 
nucleosome core is the basic unit of chromatin. In each nucleosome core, 146 base pairs 
of DNA is wrapped in ~1.75 superhelical turns around an octamer which contains two 
molecules of each of the four conserved core histones H2A, H2B, H3 and H4 (Wolffe, 
1998). Histones are subject to extensive, highly conserved, site-specific post-translational 
modifications, including acetylation, phosphorylation, methylation and ubiquitylation 
(Berger, 2007; Kouzarides, 2007). Such post-translational modifications of histones have 
long been correlated with diverse chromatin functions, including gene transcription, 
chromatin assembly, DNA repair, and other chromatin-based processes. It has been 
suggested that distinct histone modification patterns act sequentially or in combination to 
form a “histone code” that is read by other proteins or protein complexes to regulate 
distinct downstream events (Ruthenburg et al., 2007; Turner, 2007). Understanding the in 
vivo function of post-translational modifications on distinct core histones will be helpful 
for deciphering the "histone code". 
 
One of the post-translational modifications of histones is reversible ubiquitylation 
(Weake and Workman, 2008). Ubiquitin, a 76 amino acid globular protein, is highly 
conserved throughout eukaryotes. One well-characterized role of ubiquitin is that a chain 
of four or more ubiquitins can be covalently attached to a protein by an isopeptide bond 
of the C-terminal glycine residue of ubiquitin with the -NH3+ groups of specific lysine 
residues of the substrate proteins. This polyubiquitylation marks proteins for degradation 
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by the 26S proteasome (Weissman, 2001). But other functions of ubiquitin have been 
found that do not involve the 26S proteasome. Some proteins can be modified by a single 
ubiquitin or short ubiquitin chains. This mono-ubiquitylation is involved in cellular 
processes, including histone regulation, endocytosis and the budding of retroviruses from 
the plasma membrane (Hicke, 2001). It has been known for a long time that histone H2A 
and H2B on chromatin can be modified by covalently attaching one ubiquitin or short 
ubiquitin chain via an isopeptide bond to a lysine residue located in their C-terminal 
regions (Goldknopf and Busch, 1977; West and Bonner, 1980). There is no evidence the 
monoubiquitylation of H2A and H2B is involved in their degradation via the 26S 
proteasome in any organisms. The ubiquitylation on H2A and H2B has distinct functions 
(Weake and Workman, 2008). H2A ubiquitylation plays a role in transcriptional 
repression (Wang et al., 2004), and H2B ubiquitylation plays the important role in 
transcriptional activation (Sun and Allis, 2002). 
 
A number of studies have shown that, in the budding yeast Saccharomyces 
cerevisiae, H2B is ubiquitylated at lysine 123 (K123) of its C-terminal region by the 
evolutionarily conserved E2 ubiquitin-conjugating enzyme Rad6/Ubc2 and E3 ubiquitin 
ligase Bre1 (Hwang et al., 2003; Robzyk et al., 2000; Wood et al., 2003a). The Ubc2-
Bre1-mediated H2B ubiquitylation is required for methylation of histone H3 at lysine 4 
(K4), and regulates transcriptional activation (Henry et al., 2003; Ng et al., 2003; Sun and 
Allis, 2002; Wood et al., 2003b). This was the first evidence of “cross-talk” between the 
different post-translational modifications on the different histones. The studies from the 
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fission yeast Schizosaccharomyces pombe and human cells have shown the similar results 
(Kim et al., 2005; Tanny et al., 2007; Zhu et al., 2005). 
 
Tetrahymena thermophila is one of the best-studied protists. Like most ciliated 
protozoans, Tetrahymena exhibits a remarkable nuclear dimorphism. Each cell contains a 
germ-line micronucleus and a somatic macronucleus that reside in the same cytoplasm 
(Collins and Gorovsky, 2005). With the development of high-efficiency DNA-mediated 
biolistic transformation, genes can be manipulated in either the micronucleus or the 
macronucleus, or both, of Tetrahymena cells. Tetrahymena histones are subject to 
extensive post-translational modifications, including acetylation, phosphorylation, 
methylation and ubiquitylation (Gorovsky, 1986). Tetrahymena has become one of model 
organisms which have been used to study the function of histone post-translational 
modifications. 
 
A recent study (Wang et al., 2009) has shown that Ubc2-Bre1-mediated H2B 
ubiquitylation is conserved in Tetrahymena thermophila. Unlike in yeasts and mammals, 
H2B ubiquitylation is not required for H3K4 methylation in Tetrahymena. Neither Ubc2 
nor Bre1 is required for H3K4 methylation in Tetrahymena. This study suggests that 
different organisms speak different languages in the “cross-talk” among post-translational 
modifications on different histones. Microarray is a powerful and high-throughput 
technology which has been used to study gene regulation (Hoheisel, 2006). The 
microarray analyses of gene expression profiles of Tetrahymena strains have shown that 
elimination of H3K4 methylation and knock-out of either UBC2 or BRE1 affect a broader 
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spectrum of genes than elimination of H2B ubiquitylation (Wang et al., 2009). These 
results strongly suggest that UBC2 and BRE1 are involved in the pathways other than 
H2B ubiquitylation in Tetrahymena. 
 
In this thesis, more detailed microarray analyses have been performed to compare 
the gene expression profiles of wild-type and mutant strains of Tetrahymena. These 
mutant strains include H2B ubiquitylation mutant strain htb1-K115R, UBC2 knock-out 
strain (UBC2), BRE1 knock-out strain (BRE1) and the mutant strain which abolishes 
H3K4 methylation (hht2-K4Q). These microarray analyses support the conclusion of 
previous study (Wang et al., 2009), and suggest that none of H2B ubiquitylation, Ubc2 
and Bre1 is required for H3K4 methylation in Tetrahymena. 
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Materials and Methods 
 
Microarray datasets 
The Tetrahymena gene expression microarray datasets were obtained from the NCBI 
Gene Expression Omnibus under accession number GSM465503 (wild-type strain, 
CU428), GSM465505 (H2B ubiquitylation mutant strain, htb1-K115R), GSM465506 
(UBC2 knock-out strain, UBC2), GSM465507 (BRE1 knock-out strain, BRE1) and 
GSM465508 (H3K4 methylation mutant strain, hht2-K4Q) (Wang et al., 2009). 
 
The custom Tetrahymena oligonucleotide DNA microarrays were manufactured by 
Roche NimbleGen Systems, Inc (Miao et al., 2009). Each microarray contains the 
genome-wide oligonucleotides covering a total of 28,064 Tetrahymena genes including 
27,055 protein-coding genes, non-protein-coding RNA and tRNA genes. The microarray 
data were analyzed by ArrayStar software (DNASTAR, Inc, Madison, WI). 
 
Data Analyses 
Scatter Plot – Scatter plot view gives a comparison of gene expression levels between 
datasets of any two strains. Data are visualized in the scatter plot on a logarithmic (base 2) 
scale. Each data point in the scatter plot represents an individual gene and is plotted based 
on its expression level in both strains. 
 
Heat Map – The genes whose expression levels were altered by over two-fold or four-
fold in one or more mutant strains were clustering using a hierarchical clustering 
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algorithm (Distance metric: Euclidean; Linkage method: Centroid) by ArrayStar software. 
All datasets are normalized to the values of a wild-type CU428 strain. Heat map uses 
color to display the relative expression levels of many genes across different strains. Heat 
map display shows a grid of colored tiles. Each row in the grid corresponds to one gene, 
and each column represents a specific strain. 
 
Gene Ontology – The Tetrahymena gene annotations were obtained from Tetrahymena 
Genome Database (www.ciliate.org). Three categories of Gene Ontology (GO) 








The scatter plots show the comparison of gene expression profiles between 
Tetrahymena wild-type and mutant strains (Figure 1). Data are visualized in the scatter 
plot on a logarithmic (base 2) scale. Each data point in the scatter plot represents an 
individual gene and is plotted based on its expression level in both strains. The number of 
genes whose expression level had over two-fold (less stringent threshold) or four-fold 
(more stringent threshold) change between wild-type and each mutant strain is listed in 
Table 1. Comparing with wild-type CU428 strain, H2B ubiquitylation mutant strain 
(htb1-K115R) has 1491 genes whose expression level had over two-fold change, and 304 
genes over four-fold change. UBC2 knock-out strain (UBC2) has 3403 genes whose 
expression level had over two-fold change, and 641 genes over four-fold change. BRE1 
knock-out strain (BRE1) has 3474 genes whose expression level had over two-fold 
change, and 798 genes over four-fold change. BRE1 knock-out strain (BRE1) has 3474 
genes whose expression level had over two-fold change, and 798 genes over four-fold 
change. The mutant strain which abolishes H3K4 methylation (hht2-K4Q) has 3921 
genes whose expression level had over two-fold change, and 841 genes over four-fold 
change. Comparing with other three mutant strains, H2B ubiquitylation mutant strain 
(htb1-K115R) has relatively much less number of genes whose expression level had over 
two-fold and four-fold change. These results provide the evidence that, in Tetrahymena 
thermophila, E2 ubiquitin-conjugating enzyme Ubc2 and E3 ubiquitin ligase Bre1 




The scatter plots also show the comparison of gene expression profiles between 
mutant strains. Comparing with H2B ubiquitylation mutant strain, UBC2 knock-out strain 
(UBC2) has 1902 genes whose expression level had over two-fold change, and 510 
genes over four-fold change (Figure 2). BRE1 knock-out strain (BRE1) has 2900 genes 
whose expression level had over two-fold change, and 709 genes over four-fold change. 
The mutant strain which abolishes H3K4 methylation (hht2-K4Q) has 2800 genes whose 
expression level had over two-fold change, and 563 genes over four-fold change. 
Knockout of either UBC2 or BRE1 affects a broader spectrum of genes than elimination 
of H2B ubiquitylation. These results suggest that, in Tetrahymena, histone H2B is not the 
only substrate protein of E2 ubiquitin-conjugating enzyme Ubc2 and E3 ubiquitin ligase 
Bre1. 
 
Comparing with UBC2 knock-out strain (UBC2), BRE1 knock-out strain (BRE1) 
has 3700 genes whose expression level had over two-fold change, and 1071 genes over 
four-fold change (Figure 3). The mutant strain which abolishes H3K4 methylation (hht2-
K4Q) has 3942 genes whose expression level had over two-fold change, and 983 genes 
over four-fold change. Comparing with BRE1, hht2-K4Q strain has 3631 genes whose 
expression level had over two-fold change, and 1015 genes over four-fold change. These 
results suggest that Ubc2-Bre1-mediated H2B ubiquitylation is not required for H3K4 





There are a total of 7505 genes whose expression levels were altered by over two-
fold in one or more mutant strains. Venn diagrams show overlaps among htb1-K115R, 
UBC2, BRE1 and hht2-K4Q datasets (Figure 4). Only 516 genes were similarly 
affected in three mutant strains (htb1-K115R, UBC2 and BRE) that have no H2B 
ubiquitylation. Most of these genes are likely to be regulated by H2B ubiquitylation. 
Knock-out of either UBC2 or BRE1 and elimination of H3K4 methylation affect a 
broader spectrum of genes than elimination of H2B ubiquitylation. 
 
Heat map 
7505 genes whose expression levels were altered by over two-fold in one or more 
mutant strains were clustering using a hierarchical clustering algorithm. The colors of 
tiles in the heat map represent the logarithmic (base 2) expression value of genes for a 
specific strain with green indicating high expression genes, black indicating intermediate 
expression genes and red indicating low expression genes (Figure 5). 
 
UBC2 and BRE1 are involved in biological processes other than H2B ubiquitylation 
There are a total of 1827 genes whose expression levels were altered by over four-
fold in one or more mutant strains (htb1-K115R, UBC2, BRE1 and hht2-K4Q) (Wang 
et al., 2009). Among these genes, 400 and 549 genes are UBC2- and BRE1-specific 
respectively (Figure 6), which are likely to be involved in the processes other than H2B 
ubiquitylation. There are 304 genes whose expression levels were altered by over four-
fold in H2B ubiquitylation mutant strain htb1-K115R (Figure 7). Among these genes, 
only 71 genes were similarly affected in htb1-K115R, UBC2 and BRE1 strains lacking 
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H2B ubiquitylation (Figure 8). These genes are likely to be regulated by H2B 
ubiquitylation. The gene ontology (GO) annotations of these gene products correlate less 
well with the clustered expression patterns of these gene products, even though many of 
these gene products have unknown function (Table 2). These results suggest that H2B 






In yeasts and humans, ubiquitylation of histone H2B and/or a component (Ubc2 or 
Bre1) of the system that ubiquitylates H2B is required for methylation of histone H3 at 
lysine 4 (H3K4). However, in Tetrahymena, direct evidences from Western blotting 
showed that in H2B ubiquitylation mutant strain, H3K4 methylation is not detectably 
altered (Wang et al., 2009). In this study, the microarray analyses have shown that 
elimination of H3K4 methylation affects a broader spectrum of genes than elimination of 
H2B ubiquitylation. This result argues that H2B ubiquitylation is not required for H3K4 
methylation in Tetrahymena. 
 
As in other organisms, the E2 ubiquitin-conjugating enzyme Ubc2 and the E3 
ubiquitin ligase Bre1 are required for H2B ubiquitylation in Tetrahymena. The 
microarray analyses have shown that knock-out of either of these ubiquitylation enzymes 
affects a much broader spectrum of genes than elimination of H2B ubiquitylation, and 
suggested that Ubc2 and Bre1 are involved in pathways other than H2B ubiquitylation. 
The microarray analyses have also shown that there are large differences in the number of 
genes whose expression is alter in Ubc2 and Bre1 knock-out strains. These results 
suggest that Ubc2 and Bre1 mainly function independently of each other. 
 
The H2B-ubiquitylation-specific genes which were similarly affected in htb1-
K115R, UBC2 and BRE1 strains are involved in many cellular processes, including 
translation elongation, membrane transport, cell adhesion, proteolysis and ubiquitylation 
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of other proteins (Table 2). Among these 71 H2B-ubiquitylation-specific genes, 
TTHERM_00894530, TTHERM_00516370(EFR1) and TTHERM_0096186, whose 
expression levels were increased at least four-fold, are involved in translation elongation 
(Figure 8). 3 of H2B-ubiquitylation-specific genes (Figure 9), TTHERM_00037640, 
TTHERM_00513180 and TTHERM_00515210, whose expression levels were increased 
at least four-fold, are involved in membrane transport. TTHERM_00219440, whose 
expression level was decreased at least four-fold, is involved in protein ubiquitylation 
other than histone ubiquitylation (Figure 8), suggesting that histone ubiquitylation 
interacts with the ubiquitylation of other proteins. One unexpected finding is that H2B 
ubiquitylation affects the expression of several genes in protein degradation. 5 of H2B-
ubiquitylation-specific genes (Figure 10), whose expression levels were decreased at least 
four-fold, are involved in protein degradation. So far, there are no experiment evidences 
which link histone ubiquitylation and protein degradation together. Further study will be 
helpful for resolving this puzzle. 
 
The microarray experiments used in this study have no replicates. Further replicate 
experiment could be performed and the student’s t-test could be used to analyze the 






Microarray analyses were performed to compare the gene expression profiles of 
wild-type and four Tetrahymena mutant strains, the mutant strain which abolishes H2B 
ubiquitylation (htb1-K115R), UBC2 knock-out strain (UBC2), BRE1 knock-out strain 
(BRE1) and the mutant strain which abolishes H3K4 methylation (hht2-K4Q). The 
microarray analyses suggest that, in Tetrahymena, ubiquitylation of histone H2B and 
either of ubiquitylation enzymes (Ubc2 and Bre1) are not required for H3K4 methylation, 
and that histone H2B is not the only substrate protein of E2 ubiquitin-conjugating 
enzyme Ubc2 and E3 ubiquitin ligase Bre1. The study also suggests that H2B 
ubiquitylation might be involved in many cellular processes, including translation 





Table 1. Genes whose expressional level had two-fold or four-fold change in 
Tetrahymena mutant strains. 
The number of genes whose expression level had over two-fold or four-fold change 
between wild-type and each mutant strain is listed. 
 
 
Strain htb1-K115R UBC2 BRE1 hht2-K4Q 
2-fold 1491 3403 3474 3921 





Table 2. Gene Ontology annotations of 71 H2B-ubiquitylation-specific genes. 
There are 71 genes whose expression levels were altered by over four-fold in all three 
mutant strains (htb1-K115R, UBC2 and BRE1). The table lists the accession number, 
description, and the Gene Ontology (GO) molecular function, biological process and 
cellular component annotations for each gene. 
 
Accession Number Gene Description GO Molecular Function GO Biological Process GO Cellular Component
Lipase family protein 




Ser/Thr protein phosphatase family protein 
Kelch motif family protein 
hypothetical protein
hypothetical protein
Helicase conserved C-terminal domain containing protein 
Ubiquitin carboxyl-terminal hydrolase family protein 
ABC transporter family protein 
Starch binding domain containing protein 
hypothetical protein
uncharacterised protein family (UPF0160) 
Elongation factor G, domain IV family protein 
TPR Domain containing protein 
hypothetical protein











Elongation factor G, domain IV family protein 
Mitochondrial carrier protein 
hypothetical protein
Oxidoreductase, zinc-binding dehydrogenase family protein 
hypothetical protein 
TPR Domain containing protein 
Ferric reductase like transmembrane component family protein 
hypothetical protein
Ferric reductase like transmembrane component family protein 




Serpin, serine protease inhibitor 
hypothetical protein




Leishmanolysin family protein 





















































































































































cell adhesion and proteolysis



















































Eukaryotic ribosomal protein L18 containing protein 
Papain family cysteine protease containing protein 
Papain family cysteine protease containing protein 
Leishmanolysin family protein 




ATP:guanido phosphotransferase, C-terminal catalytic domain containing protein 





Rab II family protein 
Phosphatidylinositol 3- and 4-kinase family protein 
Cyclic nucleotide-binding domain containing protein 
56kDa selenium binding protein 
hypothetical protein
C1-like domain containing protein 






















Accession Number Gene Description GO Molecular Function GO Biological Process GO Cellular Component







































































































htb1-K115R vs. WT B
C ∆BRE1 vs. WT D
R² = 0.9663



















∆UBC2 vs. WT 
R² = 0.9296
R² = 0.9283



















hht2-K4Q vs. WT 
R² = 0.9257
Figure 1. Scatter plots of gene expression profiles of wild-type and mutant strains. 
The scatter plots show the comparison of gene expression profiles between wild-type (WT) CU428 strain 
and each of the four mutant strains htb1-K115R (A), UBC2 (B), BRE1 (C) and hht2-K4Q (D). Data are 
visualized in the scatter plot on a logarithmic (base 2) scale. The data from wild-type strain are plotted on 
the x-axis, and the data from each mutant strain are plotted on the y-axis. The green lines indicate two-fold 
change of gene expression levels between the paired strains. The value of linear correlation (R2) is 























∆UBC2 vs. htb1-K115R 
R² = 0.9495



















∆BRE1 vs. htb1-K115R 
R² = 0.9402



















hht2-K4Q vs. htb1-K115R 
R² = 0.9455
Figure 2. Scatter plots of gene expression profiles of Tetrahymena mutant strains. 
The scatter plots show the comparison of gene expression profiles between htb1-K115R and UBC2 (A), 
BRE1 (B) or hht2-K4Q (C). Data are visualized in the scatter plot on a logarithmic (base 2) scale. The 
green lines indicate two-fold change of gene expression levels between the paired strains. The value of 























∆BRE1 vs. ∆UBC2 
R² = 0.9112



















hht2-K4Q vs. ∆UBC2 
R² = 0.9166



















hht2-K4Q vs. ∆BRE1 
R² = 0.9214
Figure 3. Scatter plots of gene expression profiles of Tetrahymena mutant strains UBC2, BRE1 and 
hht2-K4Q. 
The scatter plots show the comparison of gene expression profiles between UBC2 and BRE1 (A), and 
also the comparison of gene expression profiles between hht2-K4Q and UBC2 (B) or BRE1 (C). Data 
are visualized in the scatter plot on a logarithmic (base 2) scale. The green lines indicate two-fold change of 
gene expression levels between the paired strains. The value of linear correlation (R2) is indicated under 



































Figure 4. Venn diagrams of datasets of mutant strains. 
Venn diagrams show overlaps among htb1-K115R, UBC2, BRE1 and hht2-K4Q datasets. The number of 
























Figure 5. Heat map of gene expression profiles of wild-type CU428, htb1-K115R, UBC2, BRE1 and 
hht2-K4Q strains. 
7505 genes whose expression levels were altered by over two-fold in one or more mutant strains were 
clustering using a hierarchical clustering algorithm. All datasets are normalized to the values of a wild-type 
(WT) CU428 strain. The colors of tiles in the heat map represent the relative expression value of genes for 
a specific strain with green indicating high expression genes, black indicating intermediate expression 









(Adapted from Wang et al., 2009)
Figure 6. Venn diagrams of htb1-K115R, UBC2 and BRE1 datasets. 
Venn diagrams show overlaps among htb1-K115R, UBC2 and BRE1 datasets (Wang et al., 2009). The 




















Figure 7. Heat map of genes whose expression levels was altered by over four-fold in htb1-K115R 
strain. 
304 genes whose expression levels were altered by over four-fold in htb1-K115R strain are included. The 
datasets of wild-type (WT), htb1-K115R, UBC2 and BRE1 strains were clustering using a hierarchical 
clustering algorithm. All datasets are normalized to the values of wild-type strain. The gene tree is drawn to 






Lipase family protein 




Ser/Thr protein phosphatase family protein 
Kelch motif family protein 
hypothetical protein
hypothetical protein
Helicase conserved C-terminal domain containing protein 
Ubiquitin carboxyl-terminal hydrolase family protein 
ABC transporter family protein 
Starch binding domain containing protein 
hypothetical protein
uncharacterised protein family (UPF0160) 
Elongation factor G, domain IV family protein 
TPR Domain containing protein 
hypothetical protein











Elongation factor G, domain IV family protein 
Mitochondrial carrier protein 
hypothetical protein
Oxidoreductase, zinc-binding dehydrogenase family protein 
hypothetical protein 
TPR Domain containing protein 
Ferric reductase like transmembrane component family protein 
hypothetical protein
Ferric reductase like transmembrane component family protein 




Serpin, serine protease inhibitor 
hypothetical protein




Leishmanolysin family protein 
Leishmanolysin family protein 
Eukaryotic ribosomal protein L18 containing protein 
Papain family cysteine protease containing protein 
Papain family cysteine protease containing protein 
Leishmanolysin family protein 




ATP:guanido phosphotransferase, C-terminal catalytic domain containing protein 





Rab II family protein 
Phosphatidylinositol 3- and 4-kinase family protein 
Cyclic nucleotide-binding domain containing protein 
56kDa selenium binding protein 
hypothetical protein
C1-like domain containing protein 





















































































Figure 8. Heat map of the expression of 71 H2B-ubiquitylation-specific genes. 
71 genes whose expression levels were altered by over four-fold in all three mutant strains (htb1-K115R, 
UBC2 and BRE1) were clustering using a hierarchical clustering algorithm. All datasets are normalized 
to the values of a wild-type (WT) CU428 strain. The gene tree is drawn to the left of the heat map. The 
color scale is shown by the bar at the top. The table at right lists the accession number and description of 
Tetrahymena genes according to the Tetrahymena Genome Database (www.ciliate.org). 
25
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Figure 9. 3 of H2B-ubiquitylation-specific genes are involved in membrane transport. 
The part of heat map from Figure 8 is shown. The color scale is shown by the bar at the bottom. The table at right lists the accession number, 
description, and the Gene Ontology (GO) molecular function, biological process and cellular component annotations for each gene. 3 of H2B-























Accession Number Gene Description GO Molecular Function GO Biological Process
hypothetical protein
hypothetical protein
Leishmanolysin family protein 
Leishmanolysin family protein 
Eukaryotic ribosomal protein L18 containing protein 
Papain family cysteine protease containing protein 
Papain family cysteine protease containing protein 
Leishmanolysin family protein 




















cell adhesion and proteolysis
cell adhesion and proteolysis





















Figure 10. Several H2B-ubiquitylation-specific genes are involved in protein degradation. 
The part of heat map from Figure 8 is shown. The color scale is shown by the bar at the bottom. The table at right lists the accession number, 
description, and the Gene Ontology (GO) molecular function, biological process and cellular component annotations for each gene. 5 of H2B-
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